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(54) COLD CATHODE TYPE FIELD EMISSION ELEMENT AND ITS MANUFACTURE 

(57)Abstract: * )& '* 

PROBLEM TO BE SOLVED: To provide a cold cathode type field 
emission element having a plane electron source and with which 
emitted electric current is increased and of which the electrode 
function is not deteriorated even by high temperature process for 
vacuum sealing and to provide a manufacturing method of the 
element 

SOLUTION: In this cold cathode type field emission element 
manufactured by arranging lower part electrodes 12 on an insulating 
substrate, forming an electron accelerating layer 14 is formed on the 
lower part electrodes 12 while setting an insulating layer 13 between 
the lower electrodes 12 and the electron accelerating layer 14, and 
upper part electrodes 15 are arranged on the electron accelerating 
layer 14; a large number of holes 6 are formed and arranged in a 
region in which the upper part electrodes 15 and the lower part 
electrodes 12 are on the opposite to each other and form a plane electron source. 
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[#WW*©iSffl] 

iit**i] 'ptt< bh^mnKTunrntfi^m-n, 
m &irr s sm. t , r ©s« ©«j!bt«5Si±. * 

[!t**2] &it<b*>$mi&\zTtowm£t£zmm 10 

3t U mm±MWMbTMWM(Dffl\z&mW,fr&WM L 
[It** 3] llWB±«ftli©#^©*#*tt, WE± 20 

r t £#mtT5ft** l Sfcf42 dlBttofti&WtJF- 

[t***4] 'p?£< bt>mmmcT%mmbtezmm 

itufBTSMII £ ©ra l£*J± «: I? JM" 5 ±«B»S4r JgriW" 

fuf2±«i5««l- ; iti:<o^^fM-rsx@S-*'-t-5 r b £ 30 
[If** 5] llWB±»«itt1lft©^«r»rit-f-5Xe 

£ £#«£ -ra it ** 4 tE«»^eiism#fetii*^» 

(±, Wfa±.g|5«S^fiS;[C.5fefcoTHUlS*-?v!jP^l±'.roHU 

?:<Dm±Mmm&mmMi&LrcWi S wmmmn&mik-r 40 

5 r. £ (c ± 5 irE±ffl«ffiS: y -7 b *y jqii-s t 
*> 5 r £ Sr#m £ i-*SI*« 4 fB«»^^sa«#SctB 

[if** 7] ilWB±»*ttfc1Mfc©ft*#*r5ia 

5±gB«te*J&£U r.©±^*ffi«ffi©W^f;:»^y 
f - y ^»&«»&*»J* LTlttE-tlBWi «r3Bi* y ^ 
y ^-f 5 1 ©T-fc 3 r £ «r19tt £ I - ** ** 4 fB«©i£ 
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[f*** 8 ] ffir»±w«ffiKaasc0>ft&Ji2j8-t-5ie 
tst:»at s t s r £ £ -r sit ** 4 is 

[ft** 9 ] WIEJb*«a»!:«*©5t«r»*1-5XS 

S5«SWSKX.i-Ii^ y ^ > ^ x ? - ^ffM L 
T* 1 ©±»«WmBI*»R3i y^y;/ Lfc^, IB 2 

5 if ** 4 te*©^^SMm#»ciu*^©®5t*feo 

[MM10] «Ha±gB«S^*ft»3^Sr^ , t5X 
Sf4., BUfS±g|5«S± fcS»^ y ^ > ^-r ^ ^ ^ ^ - V 

mb-rm*m4nm^mmmmwmtam^m^ 

Bl& t , mmffi* y ^ V * * y y * L T ^ 

t » tf fe 5 i t ?r#m 1 1- 5 it** 4 tB«t ©^»«a« 

[1***1 2] «ie±»Mfc**©5**r#/S1-5I 

t> © T? * -5 r. t t -f 5 if** 4 f5ic ©^BtffiM* 

[|f**l 3] IWB±»«Bfc«lc©?t«r»*i-4X 
Sr±, WfB±SP*S±(CP SG, BPSG^OfSM 

5 1 © T- *> 5 r. t #m t f 5 If ** 4 IBft 
[ff**l4] WB±»«iK»*o^*»riM-5l 

L, tflfBB' 2 y ?v< y ^ L> milBB 1 ©* 

* 4- 3 y f > ? 1" 5 fc © t? *> 5 r b * b -f Z> If 
** 4 fB«ro^BttS«#Sctii«^ ©Mit*fc 
[If** l 5 ] tWB±»»BK:*ic©^*»J*-f" 5 x 
S(4> «HB±««lf±K»l©1Wtil**lltL, fcvvc 

BtSr^Wl^y^^^Ufc^ SOGf?:l2©» 



3 

1 1 5 ft 4 w2*w&ISM«J^trj«^ ©S 

HI** l 6 ] «rB±»«Ifc*»©2K*#riH-<5l 
Stt, iftlB±a$**±lc*i©*^&J$IBSU &v^? 
liyfy^^l^^yML, Hir8ES&l©«tt 

lt*WlW»cBt*Ufcll, Hu!E-t.Sl5»i&5SR=s'?-> 
^-f 5 1 ©Tfc 5 ' t <£r#® Mf** 4 fE*©?ffPi 10 

^±tt*&Jh££l0«t4WrjftKU &V^C 

iiyfy^^^^- v#jjt u , 8We?b 1 ©«tt 

■tSr**Wfc^ y ^ LfcflK S O G«¥£fl 2 

ffllfc Ltl*UTayf^*/^*tfV\ SME»1 ©«» 

1 <DX'h 3 £ t £#tt t -ft, §t*9 4 !E«©^Pt 

[iMi8] we±»«ifc**o^*»*-rsi 20 

& v •> -C»3i y f- y ? v * y % ,< ? — -yWitfL L , wia±gp 
«« &§*«ti-7f>^L fem , fuffi ±a ®ffi ft y 7 
n-$*5t«-efo5^.i*Wmt-t-5W* r l4fa*0 

»B*s«jram*^©iefi#ifc. 30 

[0 0 0 1] 
[0 0 0 2] 

Y *7°W t LT, ^mmm^M^-Ayi^ h !) 7 ^* 
tE^lJLfcfi^MT WtrfflWcF ED (Field Emissi 
onDisplay) tfSfti £tk ^•jffTW^M^^fi^tvTV^ 40 

£5l-£^*fc*t\Vh (Spindt) *S(-ft*$ix5^ 
feV^tVofcSBfSrW-f-S. ^ot, FEDftlilt 50 
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[0003] gtfie, ±T«ffiW©«#W*u-J; t> 
# , * ©Jq Jttff- £ ^.fifei- 5 fc ©1 ©*3fifc i. o T , 
®HI3 3 (a) ±T»«il. 2Wi:» 

^iftl3^SUcMIM (Metal Insulator Metal) 

^DiW hP^Xfl 5 8ftM#B5[5lfF^#«» 
p.. l~6#f$) „ 

©13 3 (b) fcjjcf-fcSfc, ±T«Sl, 2M(CPN 
«^*»*i-5iNK*5Ji 4a, 4b Sr#1-5«3SSrffl 

1991^1IMO rm^-^J p. 3 4# 

©1213 3 (c) \Zifrt£o\£, ITtffil, 2<DWC±. 

5 ««# (C J; t) T 7 V 1 7* V- ^ ^ 17 > * 

^*^*5ti 1 9 9 0¥tf|«ifi¥^ 

^HTv^, SC-8-6#BS) . 

©H13 3 (d) !c^-fi5!'., ±T«ffiMi, 2\z.mm 

M 6 t ^frJl 7 SrRA/ftiMO S (Metal Insulator Se 
miconductor) *)S^fflV^ s X 9 te&S 6 h 

y V^Lfc*^Sr® 9 m-ttt 19 9 0 

it aaft ^^fc*^.H*^, s c - s - 7 # 

©0 3 4 (e) tC^-f<t5i-, ±T*SMl, 2iCl*^ 
^DjSJi 8 i IfeftJi 9 SrRA/fcE L (Electro Luminescen 
ce ) m^JoaS 8 y hP 

^*4rirt-5*A lJS^#lffijB6 3#m6 

f (1 9 94) P. 592~P.. 59 5#Rg) . 
[0 0 0 4] 

^ri- 5 ^ , nffi < t © » f4 * fc^-r-i # wiHi s *> 

fcfet, ±S|5l;ffi(C}41 0 nm^Ti^^i^fflV^ 
14, FED^©3gffi©fc»{cHl:-fjgTU-i'*fflft^ 

fo5„ r.ttbfl, ®~©©v^TnS:ffl^5*g-l-t)#ii 
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[0 0 0 5] ±.»Lfc®~©CD®fl;^iglC*l-LT, ±«B 

4 l^-fi 5 t±T«H 1 , 2 Hfct&ftJl 3 SrtfcA/^M 

rjib sritiii- s tr v*-* i o zmmmtft sternum 

jtbtHg^tbTV^ (#|f6-2 0 3 7 7 2fM# 

fig) „ LfrLzomitte, fv^-zn orticjim-rs 

TWW 2 i^aES*^©*^ J: 5*^ffi?rfiJli- 
&t>©T\ Hfrff'ro*^ h^v^ bn^^fiJffl1-§®~ 10 

3 <Dff#.#! 1 m iltl k V®.&.<Dm&fr'&W\Ct£Z> 
[0 0 0 6] r©«PJti, _hlE*tif Sr#€LT*$tifc 

© jftay n -tr * (c t *«fg^S^ frft 5 r h in v ^ i 

5 (c Lfcffi*-?aSSr«fofteSS«|!.«cW*^ t ^©S 

[0 0 0 7] 

3Effi£B KTSBSffi i * 5 afWI Sr*i" 5 ££ t , r. ©X 

^D3iJi±iCBtifBTgi5ms(c.*j-[B]-rs i 5 icffM^^xr 

ffltEJhg|$a«©&5t©*:t St±, tfrfE±.$B«ffitTg|5lt 

[0008] 4>ft< ifc£Effi£T8l5 40 

m t * 5 5 s«©SfrtaT§i5«^±{-«^ 

5o fuia±«P*SiCift»©^ 

( a ) ifif2±g|$««± I ' B ^fy^^^?-y 
JFM L X fm±MW& v^y 7-t 5 „ 50 
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( b ) Buia±§B«ffi^[-5fe^o Tifrisa^ *njis±© 

U *o*±»»li«:tlJi»ritLfc1t, fiulH«ttJf 
*i-5 - i C J: D ttSBittWIfc y 7 h^'7*px-T5o 

(c) «nE*^lP3M*:*0*iBK|!flia©*>SWBIt» 
j$ L, r ©«^P3Sg±(CHufBMa«rSlBfcLfc[H10*^ 

[0009] j;5ffi«^««3t^»±, ±W« 

S(cHft©^Sr^LTiai9, r ©^:©±^ ^fyf 

x*^ 9 a-rttjR^scKijfc^T 1 «fSA«*kttifti« 

ii^^sr tU4v\ Ml.ir©3PJ©>b©ii, ®H 
[0010] r.©^lc*JVT, ±SB«ffiJJ:^1-55t 

[0011] ftj3r©wji#ic*v^T, "mi-Mmm" 

(±, El 3 3 (e) ©EL3t§-7-fHl-*5fr5i 5i's 

tb (' «t 5 ±§l5«ffi/5^ © ttA^^ £JP iii" 5 *^ iBjlS 

©tt, B33 (b) , (c) \zm-t£ote, T^yy'y 

Ml-0 3 3 (a) , (d) i^t'MIMM^MO 

sm\ctni% hy*v yy*%m-rz$im.mzh^&n 

*T'fflV^-CV^S„ SP*,r©^B^i±, 03 3 (a) ~ 

(e) ov^jxofflj^bawisns. 

[0 0 12] 

mw<Dnm<Dfm] sit. m^^mi^x. zomw 

S:aM-f5. 01 (a) , (b) tt, *^«^Z*t£W 
tE5U»ril Lfc*lfi«©l;#Kf±i*^ ©¥S0 1 -&©A 
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±i£, i ToRSrfflv^fcT»*«i 2ifim&vm^mm 

111 4^ffM£ftTV^ 0 IfijRni 3f4TaiO B -e*> 
5 , *^JP3iJf i 4 a r Z n S * fctt Z n 

S etWIt^. tftli 1 4 fc LT\ Y 2 
O.0>±5ft»»l&JBv^5;ifcfc"C#So l^ioil 
1 4©±ttt, AuSJfcttA 1 KSr^v^fc_b«paag 1 
5 3> T»«* i: 5 *fR] fcE fll»J* S tiX V ^ 6 . 

[0 0 13] Hi (a) KJ4$gT**Lfci5i^ ±.g(5* 10 
Si 5 i:T»il 2 t^^t^MS^^, FED 

T, 82 (a) fa*©-o(Offi«T-SgS^S:t£*LT* 
Lfc¥ffi0T*fo<9, 1^0 (b) ttlEfc^nSrffi^LT— 

6ffi*^iWft«^ 1 6^E?«^ 

J&ZfoZo ZOffiftKl 6*1 0 0 OX 1 0 0 OfiK^lJ 20 

l/c. t # , ffiw^jR^ffiatB: 2x2mm 2 ^^, mm 

q*i:^5) tt, »l/4 (=2 5%) ift£ 0 ft*5, 
5tl 6©»W4jE*»lc|R6>-r, 132 (c) K*LfcJ: 

[0 0 14] ftfc\ ±SjlSffil 5KJg*Stu55tl 6 CO 
ftffl 3(D&9W&b(D5m£XT^tZ) 0 ^16 

^iHtPflPB*^I^L<-r5t, Bn*tt#5Jl/4£ft 30 
5 D Jtl 6 0>J#Rtt, J^?*>S&W±ft<, %\<^X 
fcottiv\ ftl 6©EWtt^hy**#fc»HUWT 
fe5^H^f fMWttft < , 7>n (cffig £ ti 

6 0 

[00 15] Hffiffil 1 

EI 3 (a) K*-TJ:5fc:* fefttiSi UCITOI 

*l 2a5»rt**ifc*tR±fc, 03 (b) fc*iM5 
IfiRJll 3iLTTa2 06 Sr^^y^jStJ;5 0. 
3/im*MU 3I%«e#H3 (c) t^iSK, *s> 
b 9*-A4fc*fcri*'*y ^ftt-i 9*f-2»fiBi 1 4 fc 
UZnSSrO. 7 jura 04 (a) 

fcTF-ri. 5 C fl^inilJl 1 4 ±ic±.SpitS 1 5 t ft 5 
AuRSr^s^ifcfcJ:?) l Onm^±, jfiKtti 
0-10 0nm^f*«aU *<0±|CH4 (b) iC.^ 
-f<£5^ 7 1 h h/^-y 1 7 IrMt^o l" 



#H¥1 0-241553 
8 

NA=0.. 5<D ilMxs^tTll^fcU 
TMAH 2 , 3 8 %<OT^ V &&fcT*&&tZo 
[0 0 16] l/^M?->17ttfl|i[i, HI 5 COM 

fcfctf>T?fctK ^(Sfctt^v** h/^-yi 7tt, HI 

^it, 04 (c) td^-ri 5 1-. wf-iosMi 1 4 %m 

M tZ^WavK l 6 sPEM **bfc±»«tt l 5 SrffMI" 

[00 17] 

«it#ifc©ig0«:ig 6 «^jnii« i 4 

•T5H3 (c) 4tfttlSaS«l iHCtfcD, 
i^PSJI 1 4 t±g|5l:®]RSrfM-r5Wi-> y 7 

5 (16 (a) ) . ^COt # l/'^ h^-yi 7 a 

fi, 0 71^-fJ; 5 jum <^con^^->^ 

2 Mm tr>^T*^ b y ^^fcE^JSftfcfc^i^So 
±»««l 5fcft5AuMS£*/<:y*fcJ;5 1 
0-2 0 nmmm-t-Z (0 6 (b) ) „ X'<y?\Ci:% 

««1 5Sr»5ri:*s-C#« (06 (c) ) 0 

[00 18] $1W3 
a^iPSSl 4iUZnSlSVMiZnS ef^fflV^ 

0 . 2-0 , 5 um<DMMtfyW&& : }&l&£hZ>Z.kt*& 
V\ B8ttr©r tSrStZn Sl«ffi©SEM¥Jft 
*)5 0 : (D^S co QUCi Sr$ Uffi L Tir 7 T y >f > X*±M 

mmi sic^i 6^Btt5*ife«>xsHS:H9at;Hi 

0 \C7F t Q 

[0019] mmm 1, 2t mm^xm^^x, 

Dmmi 4fcLXZnSJi*r»J*Lfctfc«^ 0 9 
(a) K^rf JzJK^BfcttDIIfii^^So ± 

5K0, l/zmitab (09 (b) ) N Ifc7th^ 
7b SrMlt^^ t, *ffiSr¥a^5 (0 
9 (c) ) o 7th^M7b^Ril 
0 2 '7 P 7XV#|Mf-CR I EtCi «9 % IfflSBlC^^ 
^F17 b*»9, M'S?* M 7 b^l^ 

*Stb5i5K^yfv^5 (010 (a) ) 0 
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5S:/<^-=v^5*iS-et5 (010 
(c) ) o fcjsro^ifctt, m^pjSJi i 4 (7>*ffi^¥ 

7* hUi/X hi 7 blcftboT, #3>fSK*0>ffi© 
fififl^SOG (Spin On Glass) #<D*M*:fS;ffl 

[0 0 2 0] 4 

g0£0 1 1 ic^ih, « J FUfi£Ji 1 4 eMtSit 

a, i-3tp ii-efc5o n^mm 1 4 <o± 

ic, Au«T^f^fcIIl 9S:K*i"5 (01 
1 (a) ) o ftftftfctt0ljx.rf, ¥»!8nmMu 

(80 St) £ b/^>T**^LT^fc: 0 ^^— r-O 

^-rso 3oo°c, 3 o^wmm^t %o 

rtifciQ, o. l Jim SflEtoHt/hft^ l 6as#«BI 20 
fc#?LfC<£>±£P*I 1 5is#btb5 (011 (b) ) o 

[0021] &|c, #«fc«ej:5»fe*t5«ff«ca* 
T ■ © Jl-ft W £ — 9 \mm-f- 3 . HJ6 
14, 0 1 3 J: 5 ic, S^g 3 2 

1 2 tf)Ffl(-^ft®±vcc (JI#Wic}40 1 5 ic^-r i 5 30 
fts<j\'XW&) ififitimzti, ±mnmi 5 try- K 2 

[0 0 2 2] 014 tt\ E LSH^©*Ftttti*^ 
T-Jftffl«>JRaS:*i-^^KH"Cas>S. T«*« (it 
o) l 2«aSjE^i:t, 014 (a) ic^-fJ:. ± 

SPSS (Au) 1 Bfrb^nmm (zns) 14 tcm 
T^&A^n, ftA$n^s^f«6»a (Ta 2 o 5 ) 1 

014 (b) ic^ti. 5i-, Yyyy>£tiX^tcm 

^Tfimvm Lxm^-MMm 1 4 -eanit sttT*^^^ 40 

ffil 5 * 1 0 0 nmSS£J¥< Lfcjfr&fctt* m=F\t± 

mmmi 5 *8iiaLT»ffl£ft5 ttot: 

S£ffi£ti3 0 015 (b) ttt, r^tfftffltis* 

2 t L"t\ ZnS :Ag»\ VCCi: Lt^>^B 1 
oom s<da^*«EE«:JI!i\ v a = 4 kv^ifci 

[0023] ftffttic, HJS^S i ici aWfl^tco^ 50 
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coMff?rSJ^Lfc:S*?:01 6tSf„ rtiftlltS 

1 5 <DW3*ti % 1 0 0 n m N ^1 6fj:.a = l "et 0 ^f 
p = 2/im ^Sr^"C&5o Jtlfcffiltt, ±*B*1£LT1 
OnmCAulftiSrffiV^ft, HJSffil 1 fc RSI©*^ 

[0 0 2 4] 5fet^^iffc«*^®iCj:tl«, 1 0 nmtf) 
0{-«g^ti6 o 2aMfllO»£\ HP*4S»1/4T? 

*>9, l jam t«^-3jsScBJSJx5i: 
2. 5^©»ft<0«^«Stas#bH5tti*T*)!9, 

@i6©«f-^ii^,at6o l^u 

*£:H»fc«:R* ($IxJ4\ A^ftmt'5ZnSJi<oz 
<5RrtBtt#*5. wrftKLTfc, ±»«*lc:^SrB?!l 

[oo25] hjs« 2 k j: sm^skmaK? 

<£>x— 0l7^f o H6Xtfl2 7^l4&ivA:S: 

•CfcSo ±SBffiSAuK*ll 0 nm(Dh<Dk 2 0 nmCO 

(401 6 fcPCTfcSo r©ms«2©* J f-t>R«l-»c 

[0 0 2 6] 3 XWUlfeffil 4 i 5»#»ffl3(f^ 

tOl^HS^x-^ ^tl^fi, 01 8X1^01 9^.^to 

?)0^^^\ R|p*ttj|ei/4"C*6. UlSfflll, 

2 i «ffiaai©a[ffl*siE*iJD3jsB» bti&o nmm 4 © 

*T -tt. Jfc««Ki» bt*WJ if *3ttHJ««i«*tt 

[0 0 2 7] ftfc, 1 ^iH^o^T, 5t 1 6 <D 

***«ra = l, 3, 5 MmtS*fc*fcfcOSrfPt), 

SriBlSLfcT— ^SrH2 0|c*-f- o a = l, 3, 
^jSLT-e^ j etLt: 0 ^^p==2, 6, 1 0 Mm b LT 
l^o fl§oTHP*ttV^"ftbt>, ^i/4-e&s 0 0^) 
AS 0 GDx tt. B16-B19C* LfcJtRW© t> 
OTfcSo r a = 3/zm(^*^t, Hfftt; 
««tra«p0fltSt3teoTV^5 0 a = 5 Mm (7)«^(C 
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[0 0 2 8] 0 2O(Of-^^^ ^O^^SrlMm 

a = lp KT^»&Sr^»T, «*ffiR5>% 

t?H 2 2 t^-f o 0 2 1 ( a ) [4, a = 2 ju m , p = 3 
m 021 (b) tta = lp, p = 2 ^ m<7) 

*g"?*>5o it022 (a) (b) (c) I4a = 0. 
5/im, 0. 2/zm, 0. 1 /zm i: U fc! , 3^p*V v, r 

[0 0 2 9] Hi:^v';aV->3yf k -W i ^ a = 

2/zm co#^ N ^»-er±*«fi«#»ir^« t 
^o*#s*/h*<i-ag, 5M**<d*jn4 

[0 0 3 0] H2 0Of^i^, IBP*Sr%JSL"Ca 
= 5/im *-e*-»i:f «Ml 3il 

^PilJf 1 4(?)Mi*, flPt>±ffi«Sl 5tT$P«ffi 
1 2W^ff*#b = l j«m -C*>5#>e>, a/btt5-e& 

ttffi/hLTt, *»ffijR^*ttSfcb3&V^^b, a/b 
^ 5 ©ftffl^Rjer 5 r 1 3»5«* <t 5 
ft5±Tff*Li^i:as#a»5 0 a/bOTRStt. iPX 

[0 0 3 1 ] ±SB«ffi 1 5 <£>J¥^£ 1 0 0 n mg 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the cold cathode mold field emission component using the field 

electron source applied to a flat- surface display etc., and its manufacture approach. 

[0002] 

[Description of the Prior Art] In recent years, FED (Field Emission Display) using the electron source array which 
arranged the cold cathode electron source in the shape of a 2-dimensional matrix attracts attention as a flat-surface 
display which replaces a liquid crystal display, and researches and developments are done by every place. The method 
of a cold cathode electr on source is roughly divided, and has two, the point electron source represented by the Spindt 
(Spindt) method which sharpened the head like a needle, and the field electron source which takes out an electron from 
a flat surface. Among these, although the current which can take out a point electron source is large, it is weak by the 
noise and the effect of adsorption, desorption, etc. of residual gas is large, and since an electron beam spreads, there is a 
difficulty of needing a focusing means. On the other hand, although the current which can take out a field electron 
source is small, actuation of a low noise and high stability is possible, and since it is emitted without an electron beam 
spreading, it has the advantage in which a focusing means is not needed, either. Therefore, to FED, a field electron 
source is desirable. 

[0003] Although a field electron source obtains an acceleration electron by vertical inter-electrode electric-field 
impression, makes an up electrode penetrate and takes out an electron, it has some which are listed below according to 
the structure of the layer for generating the acceleration electron. 

** The method which takes out the electron which carried out tunneling of the insulator layer 3 by high electric field as 
the vertical section electrode 1 and MIM (Metal Insulator Metal) structure which sandwiched the thin insulating layer 3 
among two as shown in drawing 33 (a) (for example, p.l to Japan Society for the Promotion of Science vacuum 
microelectronics 158th time [ 5th ] committee seminar data 6 reference). 

** The PN-j unction component method which starts avalanche breakdown by high electric field, and generates a hot 
electron using the structur e of having the vertical electrode 1 and the semi-conductor layers 4a and 4b which form a PN 
junction among two as shown in drawin g 33 (b) (for example, "electronic ingr edient" p. 34 reference of the January, 
1991 issuance). 

** The Schottky barrier component method which whose semi-conductor layer 5 which constitutes the Schottky barrier 
between the up electrodes 1 is pinched among the vertical electrodes 1 and 2, starts avalanche breakdown by high 
electric field, and generates a hot electron as shown in drawing 33 (c) (for example, the 1990 Institute of Electronics, 
Information and Communication Engineers autumn national conference, SC-8-6 reference). 

** it is shown in drawing 33 (d) — as — vertical inter-electrode one — the method (for example, the 1990 Institute of 
Electronics, Information and Communication Engineers autumn national conference, SC-8-7 reference) which takes out 
the electron which carried out tunneling of the insulating layer 6 to 1 and 2 by high electric field using the MOS (Metal 
Insulator Semiconductor) structure the insulating layer 6 and whose semi-conductor layer 7 were pinched. 
** it is shown in drawing 34 (e) - as — vertical inter-electrode one — the method (for example, "application physics" 
volume [ 63rd ] No. 6 (1994) P.592-P.595 reference) which generates a hot electron in the electronic acceleration layer 
8 using EL (Electro Luminescence) component structure which inserted the electronic acceleration layer 8 and the 
insulating layer 9 into 1 and 2. 
[0004] 

[Problem(s) to be Solved by the Invention] Although the field electron source of ** - ** mentioned above has the 
advantage desirable as an object for FED as mentioned above, it has the problem which should still be solved for 
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utilization. It is that the rate of the current taken out by the exterior to the current which flows inside a component is 
[ one ] small compared with a point electron source. This is because electronic dispersion with up electrodes, such as 
Au which makes an electron penetrate, and aluminum, is large. In order to make dispersion small, the thin film of lOnm 
or less uses for an up electrode, and emission electron with **** sufficient by this is not obtained. Although another 
needs to carry out the vacuum lock of the electron source array with low melting glass etc. for application to FED etc., 
a field electron source array must be heated at 400 degrees C or more in that case, I hear that the film condenses by this 
heat treatment process, and the function of an electrode is spoiled, and there is a thin up electrode of lOnm. These are 
made into the common problem also when using any of ** - **. 

[0005] The cathode structure which carried out array formation of the pinhole 10 which penetrates these over the up 
electrode 1 and an insulating layer 3 in the vertical electrode 1 and the MIM structure which sandwiched the insulating 
layer 3 among two as shown in drawing 34 is also proposed to the field electron source of ** - ** mentioned above as 
what can solve the problem of electronic dispersion with an up electrode (refer to JP,6-203772,A). However, this 
structur e is close to the Spindt mold at the point of using the principle of the thermionic tube unlike ** which uses the 
electron emission by the electric field from the lower electrode 2 exposed in a pinhole 10 to the inside of a vacuum, and 
uses the hot electron in a solid-state - **. However, since the head is not sharp like the Spindt mold, the electric-field 
concentration by the configuration cannot be used, but the thickness of an insulating layer 3 is 1 micrometer. It has the 
problem that carry out and the electrical potential difference of about lkV is needed. 

[0006] This invention aims at offering a cold cathode mold field emission component with the field electron source by 
which the electrode function was made not to be spoiled by the elevated-temperature process for a vacuum lock, and its 
manufactur e approach while it was made in consideration of the above-mentioned situation and aims at buildup of the 
emission current. 
[0007] 

[Means for Solving the Problem] This invention is characterized by to be formed two or more holes in said up electrode 
in the cold-cathode mold field-emission component which has the substrate which has the conductive layer which 
serves as a lower electrode at least at the surface section, the electronic acceleration layer formed on said lower 
electrode of this substrate, and the up electrode which is formed so that said lower electrode may be countered on this 
electronic acceleration layer, and impress an electrical potential difference between said lower electrodes. The substrate 
with which this invention has the conductive layer which serves as a lower electrode at least at the surface section 
again, The electronic acceleration layer formed through the insulating layer on said lower electr ode of this substrate, It 
has the up electrode formed so that said lower electrode might be countered on this electronic acceleration layer. In the 
cold cathode mold field emission component acceler ates the electron which impressed alternating voltage between said 
up electrodes and lower electrodes, and was injected into said electronic acceleration layer from said up electrode, and 
it was made to make emit from said up electrode side, it is characterized by forming two or more holes in said up 
electrode. In this invention, the magnitude of each hole of said up electrode is preferably set as 5 or less times of said 
up electrode and lower inter-electrode thickness. 

[0008] It is characterized by for this invention to have the process which forms an electronic acceleration layer on said 
lower electrode of the substrate which has the conductive layer which serves as a lower electrode at least at the surface 
section again, and forms two or more holes at said up electrode in the manufacture approach of a cold-cathode mold 
field-emission component of having the process which forms the up electrode which impresses an electrical potential 
difference between said lower electrodes so that said lower electrode may counter on this electronic acceleration layer. 
As a process which forms two or more holes, the following processes can specifically be used for said up electrode. 

(a) On said up electrode, cany out pattern formation of the etching-proof mask, and carry out selective etching of said 
up electrode. 

(b) Carry out lift-off processing of said up electrode by removing said sacrifice layer after carrying out pattern 
formation of the sacrifice layer to the location corresponding to said two or more holes on said electronic acceleration 
layer in advance of said up electrode formation and carrying out laminating formation of the Gokami section electr ode. 

(c) Said electronic acceleration layer is formed in the condition that irregularity is shown in that front face, form the up 
electrode which has the irregularity which reflected said irregularity on this electronic acceleration layer, embed and 
form etching-proof material in the crevice of this up electrode surface, and carry out selective etching of said up 
electrode 

(d) On said electronic acceleration layer, apply the solution which distributed the particle used as said up electrode 
material, carry out heating baking, and form a porous up electrode. 

[0009] With the field electron source structure by this invention, by forming two or more holes in an up electrode, and 
optimizing the magnitude and the pitch of this hole, big electric field are built over an electronic acceleration layer also 
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in the part of a hole, and the electr on acceler ated in the electronic acceleration layer is emitted from these holes. 
Therefore, since dispersion with an up electrode is lost like before, compared with the conventional method which is 
made to penetrate an up electrode and takes out an electron, the increment in the emission current of about single figure 
is attained. Moreover, in this invention, even if it is exposed to an elevated-temperature process when it is not necessary 
to make an up electrode thin, therefore closes with low melting glass etc. since electron emission is performed through 
the hole of an up electrode, the flow of an up electrode is not lost. Furthermore, since it is a method which accelerates 
and picks out an electron from an electrode in a solid electronic acceleration layer in a vacuum unlike the thermionic- 
tube method to which field emission of the direct electron is carried out, the thing of this invention has few noises, and 
it is field electron source structure, and there is no adverse effect to the cathode of residual gas, and it serves as [ has the 
advantage in which an electron can be taken out almost vertically, and ] the optimal cold cathode electron emission 
component for FED etc. 

[0010] In this invention, the hole formed in an up electrode is so desirable that it is small, and according to the 
experiment, compared with the method which makes the conventional up electrode penetrate, a significant difference is 
accepted in the incr ement in the emission current by setting it as 5 or less times of the vertical inter -electr ode thickness 
containing an electronic acceleration layer . The minimum of the magnitude of a hole is restricted by the working limit. 
[001 1] In this description in addition, an "electronic acceleration layer" The others [ layer / electronic acceleration ] 
which accelerate the impregnation electron from the up electrode [ as / in the EL element mold of drawing 33 (e) ] by 
alternating current actuation, It uses in the semantics also containing the semi-conductor layer which constitutes the PN 
junction and the Schottky barrier for an avalanche as shown in drawing 33 (b) and (c), and the insulating layer using the 
tunneling in the MIM mold and MOS mold which are further shown in drawing 33 (a) and (d). That is, this invention is 
applied to any mold of drawing 33 (a) - (e). 
[0012] 

[Embodiment of the Invention] Hereafter , with reference to a drawing, the example which applied this invention to the 
cold cathode mold field emission component of an EL element mold is explained. Drawing 1 (a) and (b) are the top 
view and its A- A' sectional view of a field emission component of the example which carried out array formation of the 
electron source two-dimensional. On the insulating substrates 11, such as glass and a quartz, array formation of the 
lower electrode 12 which used the ITO film is carried out at intervals of pr edetermined, and the electr onic acceler ation 
layer 14 is formed through the insulating layer 13 so that this may be covered. An insulating layer 13 is Ta 205, and 
the electronic acceleration layers 14 are semi-conductor layers, such as ZnS or ZnSe, in this example. An insulating 
layer like Y203 can also be used as an electronic acceleration layer 14. Array formation is carried out in the direction 
in which the up electrode 15 which used Au film or aluminum film crosses with a lower electrode on the electronic 
acceleration layer 14. 

[0013] Each intersection which the up electrode 15 and the lower electrode 12 counter as the slash showed to drawing 1 
(a) is one field electron source corresponding to 1 pixel in FED application, drawing 2 (a) is the top view having 
expanded and shown the one field electron source part, and this drawing (b) is a perspective view which expands this 
further, cuts in part and is shown. In this example, array formation of the hole 16 of the shape of much square is carried 
out at least like a graphic display to the lower electrode 12 and the field of the field electron sour ce which counters of 
the up electrode 15. the magnitude of a hole 16 - for example, a= 1 micrometer it is - this - pitch of p= 2 micrometers 
Array formation is carried out at the shape of a matrix, a ratio [ as opposed to / when such 1000x1000 holes 16 are 
arranged, the area of a field electron source is set to 2 2x2mm, and / the electron source area of the gross area of two or 
more holes 16 ] (henceforth a numerical aperture) - about - it is set to one fourth (= 25%). In addition, hole 16' of the 
shape of a rectangle as shown not only in a square but in drawing 2 (c) (long and slender configuration) is sufficient as 
the configuration of a hole 16. 

[0014] In addition, although concrete data are behind used for the magnitude of the hole 16 formed in the up electrode 

15 and it explains them to a detail, its smaller one is good and makes it pr eferably 5 or less times of sum total thickness 
b of the electronic acceleration layer 14 and an insulating layer 13. Moreover, if the width of face and spacing of a hole 

16 are made almost equal, about 1 /of numerical apertures will be set to 4. The configuration of a hole 16 does not need 
to be a rectangle and may be a round hole. The array of a hole 16 may be arranged at random rather than also 
necessarily needs a thing regular in the shape of a matrix. These hole configurations and arrays can be suitably chosen 
by the concrete manufacture approach so that it may illustrate below. 

[0015] As shown in example 1 drawing 3 (a), on the insulating substrate 1 1, the ITO film is vapor-deposited, patterning 
of this is carried out to the shape of a stripe using a lithography process, and the lower electrode 12 is formed. On the 
substrate with which the lower electrode 12 was formed, as shown in drawing 3 (b), it is 0.3 micrometers by the spatter 
about Ta 205 as an insulating layer 13. As it deposits and is succeedingly shown in drawing 3 (c), it is 0.7 micrometers 
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about ZnS as an electronic acceleration layer 14 by the hot wall method or the spatter. It deposits, then, Au film which 
serves as the up electrode 15 on the electronic acceleration layer 14 as shown in drawin g 4 (a) » a spatter ~ lOnm or 
more - desirable ~ 10-100nm ~ thickness deposition is carried out, and on it, as shown in drawing 4 (b), the 
photoresist pattern 17 is formed. For example, using a novolak system positive resist, a resist pattern 17 is exposed in i 
line stepper of NA=0.5, and is developed with TMAH2.38% of alkali developer. 

[0016] A resist pattern 17 is 1 micrometer so that the perspective view of drawin g 5 may be shown. The aperture 18 of 
an angle is 2 micrometers. Array formation should be carried out in the pitch at the shape of a matrix. However, these 
production process drawings show the important section of one field electron source, and a resist pattern 17 also has an 
aperture for carrying out patterning of the up electrode 15 to the shape of a stripe, as drawing 1 explained actually. As 
Au film is etched with an ion milling system and shown in drawing 4 (c) using this resist pattern 17, the up electrode 15 
with which the hole 16 of a large number which expose the electronic acceleration layer 14 was arranged is formed, a 
resist pattern 17 — 02 Usher - or exfoliation liquid, sulfuric-acid + hydrogen peroxide solution, etc. remove. 
[0017] Process drawing of the manufactur e approach which applied the lift-off method to patterning of the example 2 
up electrode 15 is shown in drawing 6 . Before drawing 3 (c) which forms the electronic acceleration layer 14 is the 
same as an example 1 and forms an up electrode layer in the electronic acceleration layer 14 after that, it forms 
photoresist pattern 17a used as the sacrifice film of a lift off ( drawing 6 (a)). At this time, for resist pattern 17a, as 
shown in drawing 7 , the circular pattern of lmicrometer phi is 2 micrometers. It should be arranged in the shape of a 
matr ix in the pitch. Then, 10-20nm of Au film used as the up electr ode 15 is deposited by the spatter ( drawing 6 (b)). 
Au film by the spatter has bad step coverage, and thickness becomes thin like a graphic display at the side-attachment- 
wall pars basilaris ossis occipitalis of resist pattern 17a. If this is immersed in resist exfoliation liquid, exfoliation liquid 
can invade from the thin resist side attachment wall of Au film, and can dissolve resist pattern 17a, the lift off of the Au 
film on it can be carried out, and the up electrode 15 which has the hole 16 formed so that the electronic acceleration 
layer 14 might be exposed can be obtained ( drawing 6 (c)). 

[0018] When a ZnS layer or a ZnSe layer is used as an example 3 electronic acceleration layer 14, since these are 
polycrystals, periodic irregularity with a height of 0.2-0.5 micrometers is formed in a front face in many cases. Drawing 
8 is a SEM photograph of a ZnS layer front face in which this is shown. Process drawing of the approach of making a 
hole 16 in the up electr ode 15 by the self aryne using the irregularity of this front face is shown in drawin g^ and 
drawing 10 . 

[0019] According to the same process as examples 1 and 2, where a ZnS layer is formed as an electronic acceleration 
layer 14, as shown in drawing 9 (a), irregularity is made in a front face. Then, it is 0.1 micrometers so that irregularity 
may reflect Au film used as the up electrode 15 in that front face. It deposits ( drawing 9 (b)), further photoresist 17b, 
and flattening of the front face is carried out ( drawing 9 (c)). [ apply and ] Subsequently, for example, in 02 plasma 
ambient atmosphere, by RIE, photoresist 17b remains in a crevice, and photoresist 17b is etched so that photoresist 17b 
of heights may be removed ( drawing 10 (a)). And by etching Au film by using as a mask photoresist 17b in the 
condition of having been embedded in the crevice, patterning of the up electrode 15 which has the hole 16 formed so 
that the electronic acceleration layer 14 might be exposed can be carried out ( drawing 10 (c)). In addition, artificially, 
it can form by etching etc. and this approach can also apply irr egularity to that front face, when the fr ont face of the 
electronic acceleration layer 14 is flat. Moreover, it is possible to use inorganic materials, such as other organic 
materials, such as polyimide, and SOG (Spin On Glass), instead of photoresist 17b. 

[0020] Process drawing of the approach of using a porous layer as an example 4 hole aperture up electrode 15 is shown 
in drawing 1 1 . It is the same as examples 1-3 until it forms the electronic acceleration layer 14. The solution 19 which 
distributed Au particle is applied on the electronic acceleration layer 14 ( drawing 1 1 (a)). The solution perfect gold 
(trade name; product made from Vacuum metallurgy) which specifically contains Au particle with a mean particle 
diameter of 8nm is diluted with toluene, and spin coating is carried out. And 300 degrees C carries out heating baking 
about 30 minutes. Thereby, it is 0.1 micrometers. The up electr ode 15 of the porosity which the hole 16 where extent is 
minute opened is obtained ( drawing 1 1 (b)). Drawing 12 is the SEM photograph of the up electrode actually formed by 
this approach. 

[0021] Next, the concr ete actuation and property data of a field emission component which are obtained according to 
each example are explained to a detail. As shown in drawing 13 , as a cathode which counters the anode 31 in which 
the fluorescence layer 32 was formed, the field emission component of an example carries out the vacuum lock of the 
whole, and is used. In the case of this example, a field emission component is an EL element, alternating voltage VCC 
(pulse' voltage as specifically shown in drawing 15 ) is impressed between the up electrode 15 and the lower electrode 
12, and the anode electrical potential difference Va is impressed between the up electrode 15 and an anode 21 . 
[0022] Drawing 14 is band drawing showing the principle of the electron emission of the electron emission component 
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of an EL element mold. When the lower electrode (ITO) 12 side is forward, as shown in drawing 14 (a), an electron is 
injected into the electronic acceleration layer (ZnS) 14 from the up electrode (Au) 15, and the trap of the poured-in 
electron is carried out to an interface with an insulating layer (Ta 205) 13. If the lower electrode 12 becomes negative, 
as shown in drawi ng 14 (b), the electron by which the trap was carried out jumps out, it is accelerated in the electronic 
acceleration layer 14, and high energy is obtained, and the up electrode 15 will be penetrated and it will be emitted. 
When the up electrode 15 is thickened with about lOOnm, only by an electron's penetrating the up electrode 15, and not 
emitting it, therefore letting the hole 16 of the up electrode 15 pass in the case of this example, electron emission of it is 
carried out. The cathode-ray-luminescence wave by this electron emission is shown in drawing 15 (b). This is an 
example at the time of giving Va=4kV, using the pulse voltage of pulse width [ of lOOmicro ] S as VCC, using ZnS:Ag 
as a fluorescence layer 32. 

[0023] Concretely, the result of having measured the relation of the pulse-voltage value VCC (absolute value) and the 
brightness of the fluorescence layer 32 is shown in drawing 16 about the prototype component by the example 1. For 
the thickness of the up electrode 15, lOOnm and a hole 16 are [ this ] a= 1 micrometer. Pitch of p= 2 micrometers It is a 
case. lOnm Au continuation film was used for the example of a comparison as an up electrode, and also it is based on 
the same component conditions as an example 1. With the component of an example 1, one about 3 times the 
brightness of this is obtained compared with the example of a comparison so that clearly from drawing. 
[0024] According to conventional example ** mentioned previously, about 1/of electron currents emitted outside is 
decreased to 10 with lOnm Au film. In the case of an example 1, a numerical aperture is about 1/4, and it is 1 
micrometer. If an electron is emitted to homogeneity only from the hole of an angle, to the example of a comparison in 
which lOnm Au continuation film was formed, the electron current of one 2.5 times the reinforcement of this should be 
acquired, and it agrees with the experimental data of drawing 16 in general. However, it was not thought from the 
simulation result explained later that the electr on was emitting the component of this example to homogeneity from the 
whole hole, but the conditions (for example, condition of the ZnS-vacuum interface of the ZnS layer exposed to a hole 
etc.) of differing from the former may have contributed to emission current buildup. Anyway, it was proved that it was 
effective in making an up electrode increase the emission current by carrying out array formation of the hole. 
[0025] The same data in the case of the field emission component by the example 2 are shown in drawing 17 . 
Although drawing 6 and drawing 7 show the example which forms a round hole, this data is 1 micrometer like an 
example 1 . It is 2 micrometers about the hole of an angle. It is the case of the component formed in the pitch. Although 
the up electrode Au film prepared the lOnm thing and the 20nm thing, there was no significant difference in these. The 
example of a comparison is the same as drawing 16 . The increment in the emission current is similarly accepted for the 
component of this example 2. 

[0026] The same data of the field emission component by the example 3 and the example 4 are shown in drawing 18 
and drawing 19 , respectively. Although the component of an example 3 has dispersion in the magnitude and the array 
of a hole of an up electrode, a numerical aperture is about 1/4. The almost same increment in the emission current as 
examples 1 and 2 is accepted. Although so big emission current buildup is not acquired to the example of a 
comparison, if it is considered to be a reason that the numerical aperture was small etc. and the component of an 
example 4 optimizes manufacture conditions, much more effectiveness is expected. 

[0027] Next, what changed the magnitude of a hole 16 with a= 1 and 3 or 5 micrometers is made about the component 
of an example 1, and the data which measured brightness by making a pulse voltage VCC into a parameter about these 
are shown in drawing 20 . a= 1 and 3 or 5 micrometers It corresponds and they are a pitch p= 2 and 6 or 10 
micrometers, respectively. It is carrying out. Therefore, each numerical aperture is about 1/4. The data of the bore 
diameter 0 of drawing are the thing of the example of a comparison shown in drawing 16 - drawing 19 . This result to 
a= 3 micrometers It is a case with brightness almost equivalent to the example of a comparison. a= 5 micrometers Also 
to a case, it is 1-3 micr ometer s about spacing of a hole. If it is made small and a numerical aperture is enlarged, it is 
possible to obtain bigger brightness than the example of a comparison. However, if a not much large numerical aperture 
is taken, since the resistance of the up electrode 15 will become large, it is desirable to enlarge in the range in which the 
increment in resistance does not become a problem. 

[0028] It is 1 micrometer about the magnitude of the data of drawing 20 to a hole. It is expected the following, then that 
the emission current increases further. Then, a^ 1 micrometer Simulation of equipotential-line distribution including 
the following cases was performed. The data is shown in drawing 21 and drawing 22 . drawin g 21 (a) - a= 2 
micrometers p= 3 micrometers a case - drawing 21 (b) - a= 1 micrometer It is the case of p= 2 micrometers. 
Moreover, drawing 22 (a), (b), and (c) are a= 0.5 micrometers. 0.2 micrometers 0.1 micrometers It carries out and is all 
2 micrometers about a pitch p. It is the case where it carries out. An insulating layer 13 and the electronic acceleration 
layer 14 are collectively simplified as the same insulating layer, and such simulation searches for the equipotential-line 
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distribution between the up electrode 15 and the lower electrode 12. 

[0029] the above simulation data to a= 2 micrometers a case — a hole - the equipotential line » almost - the exterior 
(vacuum) - jumping out - **** -- the interior of a hole - electric field are small compared with directly under [ up 
electr ode ], therefore its electron emission from the periphery of a hole increases in this case. As for the electric field of 
the center of a hole, it turns out that the electric field directly under an up electrode are approached, and the electron 
emission from a hole becomes large, so that magnitude of a hole is made small. 

[0030] the data of drawing 20 to a numerical aperture taking into consideration a= 5 micrometers up to - if it is 
effective ~ this time -- the sum total thickness of an insulating layer 13 and the electronic acceleration layer 14, i.e., the 
thickness between the up electrode 15 and the lower electrode 12, -- b= 1 micrometer it is -- since -- a/b is 5. Even if it 
expands or reduces the size of a component, with the whole configuration held, since equipotential-line distribution 
does not change, when acquir ing the emission current with bigger setting it as the range of a/b<=5 than before, it turns 
out that it is desirable. The minimum of a/b is decided by the working limit. 

[0031] Moreover, the thickness of the up electrode 15 can be borne also at about lOOnm, then an about 400-degree C 
elevated-temperature process. The field emission component by the example 1 was made to counter an anode plate with 
a fluorescence layer concretely, it closed with low melting glass, and the display was made as an experiment. 400- 
degree-C heating performed glass closure in N2 gas. In addition, after carrying out evacuation of the glass tube using 
every ** with picking, and this glass tube beforehand, the vacuum lock was carried out to the anode plate side by 
burning off a glass tube by the burner. Consequently, luminescence by electron emission was checked and it was 
checked that the up electrode keeps the flow normal. Although the up electrode made the display from the same 
conditions using the component of the above-mentioned example of a comparison which is lOnm, oper ating having 
become impossible, and the up electrode Au having condensed as a result of analysis, and having lost the electrode 
function was checked. 

[0032] In this invention, if an up electrode is made thin, the emission current will increase from the ability to count also 
upon the electron emission which penetrated the up electrode more. Therefore, it is desirable to make an up electrode as 
thin as possible in the range which can be equal to heat-treatment of about 400 degrees C. Moreover, in the example 
explained so far, although considered as the condition that the electronic acceleration layer 14 is exposed at the pars 
basilaris ossis occipitalis of the hole 16 established in the up electrode 15, it is not necessarily required to etch 
thoroughly the electrode material of the par s basilaris ossis occipitalis of a hole 16, for example in an example 1. In 
order for being referred to as 7nm or less not to bar the electron emission from a hole 16, it is important for the 
electrode layer which it leaves to the pars basilaris ossis occipitalis of a hole 16, by leaving an electrode layer in this 
range, the electric field between the up electrode 1 5 of a hole 1 6 and the lower electrode 1 2 increase, and, as a result, it 
can expect the increment in the emission current. 

[0033] Some examples of further others of this invention are explained. Drawing J23 forms 7nm or less Au film 15b 
lOnm or less by the spatter preferably on the whole surface anew, after forming the up electrode 15 in which the hole 
16 was formed by the approach of an example 1. As explained previously, it can leave an electrode layer to a pars 
basilaris ossis occipitalis at the etching process which makes a hole 16, but in case it leaves the film lOnm or less, it is 
difficult to fulfill enough the homogeneity within a field, the homogeneity between substrates, lot-to-lot homogeneity, 
etc. If it etches like this example until it exposes the pars basilaris ossis occipitalis of a hole 16 thoroughly, and 
conductive electrode layers, such as Au of lOnm or less of thickness, are anew formed on the whole surface by the 
spatter, the electrode layer thickness inside a hole 16 is controllable with a sufficient precision. In this case, in the 
interior of a hole 16, the lower ZnS layer 14 is not covered altogether, but as shown in drawing^! (b), it has island 
structure 16a which Au condensed, the ZnS layer 14 is exposed in part, and as shown in drawing 23 (c) from that 
exposed ZnS layer 14, an electron is emitted. Therefore, after forming a hole 16 so that the ZnS layer 14 may be 
exposed thoroughly, even if it deposits the film of lOnm or less of thickness on a hole 16, an electron can be made to 
emit similarly substantially as compared with the case where an electron is made to emit, after the pars basilaris ossis 
occipitalis of a hole 16 has been thoroughly exposed. 

[0034] Drawing 24 is the example which was made to perform taper etching to the up electrode 15, and shows the 
pr ocess following the process of drawing 4 (b) of an example 1. A resist pattern 17 is the positive resist of for example, 
a novolak system, after it develops this with an alkali developer, performs 180 degrees C and heat-treatment for 90 
seconds with a hot plate, and carries out a reflow of the resist pattern 17 ( drawing 24 (a)). Thus, if ion milling of the 
Au up electrode 1 5 is carried out using the resist pattern 1 7 which carried out a reflow, the up electrode 1 5 by which the 
taper rolling was carried out can be obtained ( drawing 24 (b)). Au film 15a may be further deposited by the spatter in 
1 Onm or less after that ( drawing 24 (c)). 

[0035] Next, some methods of adjusting the magnitude and the numerical aperture of a hole 16 of the up electrode 15 
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ar e explained. It is 0.5 micrometers of diameters of an aperture 18 about a resist pattern 17 at the process of drawing 4 
(b) of an example 1. Pitch 1 micrometer Suppose that it formed. Then, if a resist is etched isotropic by 02 Usher, the 
path of an aperture 18 can be enlarged. Specifically, it is 0.8 micrometers about an aperture 18. It expands to a path. 
The up electrode 15 is etched at the same process as an example 1 after that. It is possible to make the numerical 
aperture of the up electrode 15 large about 2.5 times from about 0.2 to about 0.5 by this approach. 
[0036] Drawing 25 and drawing 26 are the appr oaches of using silicon oxide as an etching-proof mask of the up 
electrode 15. About 200nm of silicon oxide 21 is deposited on the up electrode 15 after the process of drawing 4 (a) of 
an example 1 ( drawing 25 (a)). Furthermore, on silicon oxide 21, a novolak system positive resist is used and a resist 
pattern 22 is formed ( drawing 25 (b)). And silicon oxide 21 is etched isotropic using buffer fluoric acid (HF+NH4F) 
( drawing 25 (c)). And a resist pattern 22 is exfoliated ( drawing 26 (a)), taper etching of the up electr ode 15 is carried 
out by ion milling by using as a mask the silicon oxide 21 to which opening became thin after that, and a hole 16 is 
made ( drawing 26 (b)). Etching clearance of the silicon oxide 21 is carried out by buffer fluoric acid at the last 
( drawing 26 (c)). 

[0037] Also by this approach, adjustment of the magnitude of the hole 16 of the up electrode 15 or a numerical aperture 
can be per formed. What is necessary is just to make small thickness of the silicon oxide 21 which is sacrifice film, in 
order to enlar ge a numerical aperture. If thickness of silicon oxide 21 is made small, the ar ea of the taper section of the 
up electrode 15 processed will decrease. Instead of silicon oxide 21, silicide film, such as metal membranes, such as 
semi-conductor film, such as other insulator layers, such as a silicon nitride and alumite, polycrystalline silicon, an 
amorphous silicon, and germanium, and aluminum, Cu, nickel, Mo, WSi, MoSi, NiSi, and TaSi, can also be used. 
[0038] <A-HREF-7Tokujitu/tjte 
=;>::?=;>::?=;>::?=;>::?-^ 
=;>::?=;>::?=;>::?=;>::?=;>:: 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the top view and its A- A' sectional view of the field emission component by one example of this 
invention. 

[Drawing 2] They are the top view of one field electron sour ce part of this example, and the perspective view cut in 
part. 

[Drawing 3] It is the sectional view showing the important section production process of an example 1 . 
[Drawing 4] It is the sectional view showing the important section production process of an example 1. 
[Drawing 5] It is the per spective view of the condition of drawing 4 (b). 

[Drawin g 6] It is the sectional view showing the important section production process of an example 2. 

[Drawing 7] It is the perspective view of the condition of drawing 6 (a). 

[Drawing 8] It is the SEM photograph in which the surface state of a ZnS layer is shown. 

[Drawing 9] It is the sectional view showing the important section production process of an example 3. 

[Drawing 10] It is the sectional view showing the important section production process of an example 3. 

[Drawing 11] It is the sectional view showing the important section production process of an example 4. 

[Drawing 12] It is the SEM photogr aph in which the up electrode surface condition of drawing 1 1 (b) is shown. 

[Drawin g 13] It is drawing showing the application of the field emission component of an example. 

[Drawing 14] It is band drawing for explaining the electron emission principle of the field emission component of an 

example. 

[Drawing 151 The wave of the pulse voltage in drawing 13 and cathode ray luminescence is shown. 
[Drawing 16] It is drawing showing the brightness property of the field emission component of an example 1. 
[Drawing 17] It is drawing showing the brightness property of the field emission component of an example 2. 
[Drawing 18] It is drawing showing the brightness property of the field emission component of an example 3. 
[Drawin g 19] It is drawing showing the brightness property of the field emission component of an example 4. 
[Drawing 20] It is drawing showing the relation between the brightness of the field emission component of an example 
1, and the magnitude of a hole. 

[Drawing 21] It is drawing showing the simulation result of equipotential-line distribution of the field emission 
component by the example. 

[Drawing 22] It is drawing showing the simulation result of equipotential-line distribution of the field emission 
component by the example. 

[Drawing 231 It is the sectional view of the field emission component by other examples. 
[Drawing 24] It is the sectional view showing the important section production process by other examples. 
[Drawing 25] It is the sectional view showing the important section production process by other examples. 
[Drawing 26] It is the sectional view showing the important section production process by this example. 
[Drawing 271 It is the sectional view showing the important section production process by other examples. 
[Drawing 28] It is the sectional view showing the important section production process by this example. 
[Drawing 29] It is the sectional view showing the important section production process by other examples. 
[Drawing 30] It is the sectional view showing the important section production process by other examples. 
[Drawing 31] It is the sectional view showing the important section production process by other examples. 
[Drawing 32] It is the sectional view of the field emission component by other examples. 
[Drawing 33] It is drawing showing the construction of the conventional field electron source. 
[Drawing 341 It is drawing showing the construction of the field electron source of other conventional examples. 
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1 1 [ -- An electronic acceleration layer, 15 / -- An up electrode, 16 / -- Hole. ] -- An insulating substrate, 12 -- A lower 
electrode, 13 — An insulating layer, 14 
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